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(Title of the Invention) Engine exhaust purifying device 
(Abstract) 

(Obfeci) To adsGirb initially ia an adsQibeiitunburat bydrocart>ons which are 
discharged in large quamities on engine start-ap» and to be able to raise the 
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tca,«^of aca^lystxapidly up toits acd^^ 
bydiocatboos ate desorbed from the adsorbent. 

(Camposition) Acji^S having high caibon monoxide combustion activity 

is movided between an adsorbent 3 in an exhaust passage 2 and an exbaust^unfyuig 
catalyst 4 oa *e dowmaeam side of d« adsoibent 3. and caibon monoxide that has 
passed tl«oogh the adsorbent 3 is caialyticaUy burnt, pr^^ 
<rftf»eexh«ist-puri^gcaialyst4andcausingittoieachitsactivat«^ 
(Advantages) Since the exhamt-purifying catalyst teaches its activation 

leinpeiatiBe before the uiUiprnt hydiocaiboia 

highly efficient purifiauion of nnbomt hydrocarbons is possiMe, and reductions m 
the amounts of hydnxarbonsdisdiaigedexternan^can^^^^ 



(Claims) 

(Caaiml) InancnginecxlBustp«rifyingdevicewhe«inancxha»s^p1^ 
catalyst is provided in the erfiaust passage of an engine and an adsorbent is 
on the upstream side of the said exhaust-purifying catalyst, an engine exh^ 
purifying device characterized in fliat a catalyst having Wgh caibon mw 
combusdon activity is govided b gcween the af«e«ieniioned e^diau^ 
qttalysta ndtitojtfgigg nKaaridc is burnt ly die 

,,ftaeiiie«»i»edcatalysthavingWghca^ 

promodng tonperanim rise in the aforementioned exhaust-purifying catalyst and 
causing it to reach its activadon tenipaaturc- 

(Claiiii2) todieengfa^exhaustpurifyingdevicedesciibedinCiaiml.anenginc 
eduiust purifying device characteiized in 

combustioii activity is contaiiied in d>e afofementioned_cxl««st-putifying^^ 
(OaimB) ihtheeninecxliaustpurifyingdevioedescribedinCIaimianengi^^ 
exhaust purifying device characterized in that one portion of the up^ 
afi«nicniioncd cxhanst-^uiifyiiig catalyst is a catalyst havm 

combustim activiQr- 

(CUrim4) In die engine exhaust purifying device des«aibed in 2. an engine 
exhaust purifying device characieiired in tfiat the aforementiotied exhaust-purifying 
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catalyst has a tmild-layer stnictinc whereby a layer of acatalysi having Mgh caibon 
mCTKPpH^ nnmhiisrion acdvity is provided in a diiectioa parallel to the exhaust flow. 
(Claims) In the engine exhaust purifying device 

exbaustpisifying device diaracterized in diat an air siyply deva^e is provided on tlic 
iqistteam side of die a&tfetnenticmed catalyst having 

Gondmstion activiiy and air causing the carbon monoxide to oxidize is sq^Hed by 
means of the said air apply device. 

(Claini6) ^ the engine exhaust plmfyi^g device described in 

engme exhanst purifying device diaracterized in diat the aforetnentioaed air supply 

device is provided on the xipsiieam side of die adsori^rat. 

(Claim 7) In the engine exhaust purifying device described in Claim 

exhaust purifying device diaracterized in that a cari?on moooxMc sqisq: and a n 

oxy^n sensor are provided on tte cpstream si^ of the afon gmentjoped catalyst 

liaving hig^ cariKHi nxxnoxide combustion activity, and oxy^a js«s>Ej^ 

afCTOinenckxaed catalyst having high carbon monoxide combusdon activity in 

Tcspoosc to signals from these s^isors* 

(Claim 8) In d^ engine exhaust purifying device described in Claim 1, an engine 
exhaust purifying device diaracterized in that an oxygen sensor is provided on die 
downstream side of the afboremenrioned catalyst having high carbon monoxide 
ccambustion acdvity, and oxygen is supplied to die aftnementioned catafyst having 
high carbon nftonooiidf^ oombostioii activity in respcNise to signals for the said oxygen 
sensor. 

(aaim9) In the engine exhanst purifying device described in Claim 1, an engine 
exhaust purifying device diaractericzed in that, until the afoiemaitioned exhaust- 
purifying caxatyst readies its activadcHi tempcfatuie^ the air-fudrario in tfae«igineair 
supply is GontroUed such diat it is fud rich to raise the caibon mcmoxide 
conceniraticm in die f^'ghang*^ gas, thetebyina easing the carbon mcmoxide combnsdtm 
heat of the caodyst having high carbon monoxide combustiMi acti viry anddtntraing 
the time taken for the exhaust-purifying catalyst to reach its activation temperanire* 
(Claim 10) In Che engine exhaust purifying device described in Claim 1, an en^ne 
exhaust purifying device characteri^zed in that die afcs^nendoned catalyst having 
hi£^ caifocMi monoxide combusdon actiyity is pioyided.v^ 

aficoementioned catalyst having high carbon monoxide combusdon activi^ is heated 



-3' 



15HCCT-1998 03 -44 FROh CLHRi^^ hTC CU 



I^y the a&iemeiitioned hearing means until the temperature at whicb caitan monoxide 
Gombustioo commences. 

(Oaim 11) la tbc engine exhaust purifying device described in Claim 10. an 
engine exhaust porifying device chaiacierized in that the aforementioned heating 
means invotvc^BCt rical healin g. 

(Oaim 12) In the engine exhaust purifying device described in Oaim 10, an 
engine tadianstpttrifying device characterized in that d^^ 
means involve healing hy means of heat stored in a heat-regenerating materia 
(Oaim 13) An automolslechaiaciBrizedinthatitisfittedwitfi an engine exhaust 
puri^g device as described in any one of aaims 1-12. 

(Oaim 14) A cogeneraiioo system chaiacierized in Aat it is fitted with an engtoe 
exhaust policing device as descaibed in aay one of C3aims 1-12. 

(Detailed Description of the Invention) 
(0001) 

(Industrial Reld of die Invention) The present invendon lelates to a device 
wherein an adsoibent is provided on the iipsiream side of an exhausi-pwri^ring 

catalyst provided in the exhaust passage of an engine, anditc oncemsan^igne 
ex haust purifyng device suitable for promo ting temperature riseintfie exhaust- 
ourifving catalys t such that U reaches its operating temperature. Fuithermore, It also 
concerns an aniomoWle <x a cogeneratitm ^stem using this device. 

(0002) 

(Prior Art) In conventiooal engine exhaust purifying devices, usually, a catalyst is 
ptovided in die engine exhaust passage to purify the exhaust gas . However, catalysts 
do not wafc eCfecdvely until they reach a temperature of approxinaatdy 300*C or 
above, and this means diat directly after die engine is started, in odier words, when 

the exhaust gas temperature is low, the exhaust gas cannot be adequately purified. On 
dK odier hand, direcdy aftia- die engine is started, ti»e engine temperanire is tow 

later T""«i riP< «if imhutnt hvdrocaifaons are discharged. ITtecefore. toediods wheieby 
imbnrm hydrocarbons arc initially adsorted by incans of an adsorbent and tfien 
dcsofbed and purified by a catalyst when the exhaust tKiqicratnie has risen, hawe bear 
disclosed (see Laid-Open UtiHty Model [Jtttai] No. S60-190923. Laid-Open Patent 
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190923. Laid-open Patent Application [Tokfcail No, 63-68713. LaJd-Open Patent 

ApplicaiioD JTakkml No. ^-75327. and Laid-Opett P^tsm Application ITokkail No. 2- 

13512^ However, ihecaiafyst icrapaatiircinimbe 300*K3ora 

purify Aedesoiljedanbumt hydtocaibons. Thercfon^ it depends on the positional 

lelatioaship of the adsoibeiit and the catalyst, and althongh a desoiption tcnqjeramte 

at Ac adsorbent of at least 300«C or above, or a teaq^ratuic beyond ±is. is 

demanded, in fact, even witb adsorbents where adsoq»iion occurs at 300»C or above. 

diis means that die peak adsoiption temperatwt! is 300^ or above, 

also ocairs at temperatuies below this, dios presentmg an obstacle to pt^^ 

^^plicatiod. In other words, since the engine itself fc cold inuiiediately after it is 
started, fuel adheres to the MI inlets and cyUnder walls, and coinbostion is 
incouqjlete. At the same time, it is necessary to introduce air comaiinng excess fiiel in 
Older lo start smoothly. Consequently, a large quantity of nnbumt hydrocaibons will 
be contained in Ae exhaust gas. Furthermore, immediately after starting the engine. 
ibx> cxbanst-purifying catalyst (commonly called a ternary catalyst) will not be 
wanned op wther, and with the catalyst temperature below 300°G which is its 
operating tcmpeiatnie. no purification action wfll be evident. Therefore, die nnbunu 
hydrocarbons etmtted in the firtt two minntes after starting the engine account for a 
large proportion of the total amount of nnbumt hydrocarbons cmined during a 
journey. Chi the other hand, antomoWIe exhaust gas restrictions are due to be fi^^ 
ti^itened. and to meet tfiese. it wiU be necessary lo porify the uQbunit hydiocarb^ 

ennoed immediaiely after starring the engine. Therefore, by providing an adsorbent 
on the upstream side ofacooventional catalyst, imrially adsorbing in an adsoibent 
the unbornt hydrocarbons cininitd hmnediately after starting die engine, and riien 
allowing the nnbofnt hydrocarbons to be desorijed once die catalyst reaches its 
opexating temperature as the engine warms up and the exhaust gas rises in 
tempetamre, then il is possible to reduce die total eaas^oa of unbmnt hydrocarbons 
an^ly by adding an adsoi1)ent to a oonventicmal system. 

(0003) However, when die nnbumt hydrocarb<»s emittBd immediately aflier siarrii^ 
die engine are desorfaed fiom die adsorbent, if die tenoperature of die eadiaust- 

purifying catalyst has not readied its activatian teniperamre, the unbcmt 
hydrocarbons will be released into die atmosphere withont purificaiica. Examining 



-5- 



11 vJL tJi'^,:!^^^'^* 

15-GCT-1996 09:45 FROM 'J-HRK At-ID <-U 



the characteristics of hydro«»ibo« dcsatptioa fiom adsorb^ts, there is a wide 
desmpdon t«i.pc«««« lange ffor exan^lc. apiKOxixmtcIy lOO'^Q. and so evca if flie 
peak iai9)eratiirc is 300»C. ft* CJtaniplc. de^ 

Oonscquenfly . at the temperature whoe Ihe hydiocaiboiis start to desorb ftom the 
adfioAent. the exhaust-purifying catalyst must be heated up to its activalian 
ttajpetatuic. B^^|be«^ ^ <^ •'^ temperature 

rise in the lahaaflt^^ooe is n<>t sq£&^ 
(0004) 

(Probton dm the Invenrioii Aims to Srfve) 

fa convcDtiooal CDpnc exhaustpurifying devices. th<« 

even if an adsorijemisprowaediBtheettgiiiecxhaustpassagc 1^ 

hydrocarbons, these imburnthydfocarboosdeaorbbefiBte die caM 

activation teo^>eratnrc. Tbereforc. the catalyst sh«dd b^ 

temperature by the linie die imbinni hydrocarbons desob fixm the ad 

the adsofbem adsorbs hydfocarbons, bat docs not adsorb caibcm inanoxide. die 

carbon iiionoxide passed by the adsorbent should be burnt die catal 

heat the cacdyst. ^rbon monoidde has atow isnition tempeiatntj&jngaJydc. 

oombtts^ QM^gedtohy^o^faofl^Jgd^ 5??^^ 

snrt at « betowO!C,Farth^^ 

qnandliea r«^^«rr«oonSaH of magnitude greate r dian hydnxarfaoos, die amoom 



to 



comtwi^ nof diehydrocatboas is used. 

An object of *e present invention is to provide an engine exhaust purifying 
device whereby a catalyst can be healed apidly to its acdvadon teii5)era^ 
fcom catalydc combusdon of carbon inonoHde, before hydiocaibc«s are dcs^^ 
fii« an adsorbent, d>eieby enabling hydrocarbons to be pmified and flw amo^ 
hydrocarbons disdiaiBed erternaUy to be reduced Furtheit^ 
pKivtde an automobile and a city energy cogeneration system usuig diis device. 
(0006) 

(Means for Solving the Problem) Ih order to achieve die aforementioned objects, 
in an engine ethaust purifying device wherehi an exhaust-purifying catalyst is 
provided in d»e exhaust passage of an engine and an adsorbent is provided on die 
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vpstieam side of the add exbaost-purifying catalyst, flie engine exhaust purifjring 
device lelatiog to the present invention is constituted such that a catalyst having high 
carbon monoxide combustion activity is provided between die aforementioned 
exhanst'ptnifying catalyst and Ae aforementioiied adsorbent, and carbon monoxide is 
burnt afoiemefitioned catalyst having high carbon monajdde combustion 
activity, promoting ten^jeratme rise in the aforementioned exhausc-parifjring catalyst 
and can^Dg it n> reach its activaiion teiaperataie. 

(0007) FuEtfaermore. it m^^lsobecoaa^tatod hawing high 

caiboamwioaddeooaibnstiopargvity is containedm&e aforcmcntioiied esthanst- 
purifying catatyst 

^OW) Moieovcr* it may also be coiistitirted sach that one 

i^soeam side of die afiwesaentioned exhanst-pntifying catalyst is a catalyst having 

hi^ caibcMi monoxide omxkbnstiim activi^. 

(0009) Fnrthennore, it may also be cmstitutod such that die aforwnentiooed exhaust- 
pnriiying catalyst has a multi-layer stiuctitfe whereby a layer of a catalyst having high 
carbon inonoxide coinbustioa activity is provided in a parallel direction to d^ 

flow. 

(001(9 Moreover, it may also be constitnted sue* fliat an air supply dev^ 
on die upsneam wde <tf the aforetttentioned catalyst having hi^ carbon mmonde 
combusticHi activity, and air cansing the carbon monoxide to oxidize is supplied by 
of the said air supply device. 

(001 1) Furthermore, it may also be constituted such that the afoB&meiitioQed air 
supply device is provided on the upstream side of the adsorb^L 

(0012) Moreovcr^iimayalsobecomtitatedsiKAfliatacaibonm 

aD oxy^ sensv ate provided oa the upstxeam ^de q£ die afottxnradoned catalyst 
funring hi^ carbon monoxide combusdon acti:vity , and oxygen is supplied to the 
afoiemBiitioned catalyst having high carbM monoxide combosticm activity in 
lesixmse to dgnals fircMii these sensors. 

((X)13) Fdrthemiore» it may also be constituted such that an oxygeax senscsar is pzavided 
on the downstream side of die aforemendoned catalyst having high carbon monoxide 
combosdon activity » and oxygen is supplied to the afbremenlioned catalyst having 
fai^carbcsi monoxide combustion activity in ieq>onse to signals for die said oxygen 
sensor. 
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(0014) M««>ver, it may also be constituted such that, until the aforementioiied 
eachaost-purifying catalyst leaches its activation tempmture. the air-fuel ratio in the 
cagme air supply is contix^ such that it is fbel rich to raise the 
conccniiaiion in die exhawa gas. thetcby inacasing the carbon luonoxide combustion 
heat (tf the catalyst having M gh carbon mwioxide combustion activity and shortening 
die time taten for the exhanst^wmfying catalyst to reach its activation temperamre. 

(0015)Fuiihemioce. it may also be constituted such that the afoiementioned catalyst 
having Mghcarbon moooride combosdon aciMiy ispiDvided^vith heaim^ 
a«l the afiHcmenrioned cataly« having high carbai monoxide combustion activity is 

healed by die a£6i»«eotiooed heating meam until tlic letxre^ 

momoaddecanbDStiott commences. 

(001« Mbii»vcr.itiaqraflsobeconstitniedsuchfl«aih^ 

means involve electrical heating. 

(0017) Fuid««noic, it miV also be constituted such dm die afoi^^ 
nieans involw heating by mean* of heat Stored in faeat-regenerttingin^ 

(0018) Moreover, it may also be constituted such fluttacar is £it^ 
esdiaust purifying device as described in any one of CSainB 1-1^ 

(0019) Furthenmore. it may also be constituted such a cogeoeration 8ys»^ 
widiancngineejdiaustpuri^gdeviceasdescribedinanyoneofClai^ 

(0020) 

(Action) Bymeansofihepresentinvention.whenenginee3dianstgaspasses 
throu^ the adsorbent, hydrocaibons arc removed by adsorption, carbon monojdde 
which passes on widiout being adsorbed is burnt by a catalyst having high cartwn 
monoxide combustion activior. and das combustion heat raises flic tcmpaatore of Ae 
catalyst CaibOT inonoxidc is contained in the exhaust gas in larger cpM^ 
hydrocarbons, and it also generates greater combustion heat. Furthermotc, since die 
tempennocat which die carbon monoxide starts to combust is lower dian for 
hydrocarbons* its combustion starts readily. In sttuctaral terms. Uus catalyst having 
high caAon monoxide combustion activity is positioned downstream fix«n die 
adsorbent, and die carbon monoxide combusts here. Thereby, die exhaust gas 
ttoqwiatiTC Is raised and it becomes easier to purify die hydrocaitK^ 

ft i.,»^-pnrifyTnff catalvsL Fm thennore. by adding the catalys t haying high 

carbon rnono^ «w*astipn atsdvi^ to t^^ *^ die cxhaust- 
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puiif>iiig catalyst, not c»ily is the exhaust gas teix9)CTatuie raised, but also heating of 
the exhaust-iwiif ying catalyst is pioinoted by niieans of thennal opoduction. 
Similady, if the catalyst having high €:arbon monoxide combustion activity is nuxed 
with, or arranged in parallel with, the exhaust-purifying catalyst^ heating of the 
eachaost-purifyixxg catalyst is ^ficiently pxatnoied by means of tfiermal c<Hiduccion. 

(0021) Fucthenuoie, it is desirable to supply air in the exhaust gas so diat the carbon 
monciridff cotnbnsts dfict^tlly at the cataljrst, and ideally, flie volume of air supplied 
sfaotzkl be ccmtrolled fay delecting the carbon monoodde concentration in tlic exhaust 
gas* However* by providing an oxygen sgdsot on the downstream skb of the catalyst 
having hi^ carbon monoxide combustion activity and detecting die oxygen 
ccmcentiattoi in the exhaust gas at the catalyst outlet, the oxygen can be controlled so 
that a certain amonnt of oxygen is ctxitaJned afb^oombusdon*. FurtfaczmorCy the 
supply of air must be implemented firom immediately after staxtzs^g the mgine until 
desorj^ian of the hydrocaibons adsorbed in the adso^^ By Aringthis, 
it becomes possiWe to bum and purify both the carbon monoxide and the desGibed 
hydnx^arbons with good efiSciency. 

(0022) An air sqpp^dg yice_shcH 2ld be located otithe ig»tream side of the ca^yst 
having hig ^ caibm monodde cwibustion activity. Moreover, nrane desirably, it 
should be located cm die upstream side of die adsod)ent Ihis is because the adsorbent 
itself may have some combustion activity, in which case, by supi^ying air to die 
i^streamsideof the adsorbent, it is iK>ssible to bum aiKl purify a pottion of the 
hydxocaibons at die adsorbent when they are desoibed Furthermore, it also trqproves 
the imxture of air and exhaust gas. 

(0023) 

(Eaibodiment)Embodimi^ 1 of the present invention is described widi zi^eieoce to 
Kg-1- 

(0024) As ishown in Fig. 1 • a temaiy catalyst 4 ( 1.0 Kcce volume) as geneially used in 
Hutomolnles as an exhaust-purifying catalyst was placed in the exhaust passage 2 of a 
gasoline engine 1, an adsorbmt 3 was placed upstream therefrom, and a catalyst S 
having hi^ carbon monoxide combustion activity was placed between the exhaust- 
purifying catalyst and the adsorbenL The adsorbmt was manufactured by mixing 
aluminaiol and water with an H-type moideaite to form a slurry, and then coadng 
this onto a [ootdelite] mcmolidi cazrier (1.0 litie volume, 400 c^Usfin^ After 
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coating, it TO dried for one hour at 1(X)**C. and thca sintei^d fw 
SOa^C The coating, drying and antcring processes were repeated until theH-type 
mardenite in total formed 140 g/Ktrc The catalyst having highcait)on monoxide 
combustion activity was manufectuied by coating an alunoina catalyst st^jported widi 
OSwti^palhKtiim omo a [coidcUtE^) mcmolitfi earner (0.2 Hire voUane, 400 
cellsfln^ After coating, it was dried for one hour at lOtTCand tfien antraedfor two 
toms at 700^ The opating, drying and sintering processes were repeated until die 
coating volucne was 20 wt%. 

(|[*3 NOTE: suggested transtationfor unknown materUa name: 'kojeredio'' - 
TRANS.) 

(0025) Furtfiemiore, an air supply device 6 was connected to the upstream side of the 
adsorbent via a variaWenflow contiol valve 7. An oxygen sensor 8 was installed in flie 
exhaust passage at tite outlet of the catalyst having higji carbon m<»ioxide conAuati«i 
activity, ami an oxygen sensor 9 was installed at the [siie of die] adswbenL Signals 
from temperature sensoar 9 and oxygen sensor 8, and the exhaust gas flow-rate as 
calculated ftom the cn^e revoludras wc*e input to control unit 10. soch that air 
supply device 6 could be ccmtrolled on the basis of these signals. When the adsorbent 
tcmpef aiure is at or above the temperature where the unbumt hydrocarbons are 
complete^ desotbed, the air supply device is halted and die air-fuel ratio in the 
engine afar st^Iy is ccmtroUed in acoozdance widi the signal from otxy gen sensor 

(0026) In die present embodiment, the catalyst temperature was raised to its 
^nivaiicm temperature and above by the cotnbustian l^at of the caxbcxi movKndctey 
before the unbumt hydrocarbons started to desorb fiom the adsorbent When 
hydrocarbon adsospticm capacity was evaluated for a variety of axlsorbents. it was 
found thai there was virtually no adsoipticm of carbon monoxide with adsorbents 
ha^ng afaig^ adsorptkui capadty for hydrocarbons. Fuxthermore, conridering that 
the concentration of carbon monoxide in the exhaust gas is cme to two orders of 
r^ ^fwu^ greater than the hydrocarbons, and the combusdCMi heat of carbon 
mcMioxideis i^pioxixziately one fifth that of hydrocarbonSp a sufiBcient thermal output 
can be expected. Thciefor^if the cjtalystjc^n 

carbon monoxide that has passed through the adsorbentp then it is possi ble to raise the 
temperature of the catalyst to its actwatiog_teny€aature witlyut waiiing for flic 
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cxhnirt gas tempc^tuic to rise, airf it was thoi^ 
caialyst is dowmaeam ftom adsorbent, the catalya 

xaised above the adsoAem te«nperatitfe..^„ort!cf to bun, the carixm monoxide at low 
i^>«atares. U is necessary to pcovide a ^ 

combustion activity on the downstream side of the adsoibcnt Ibis is because 
although convcnticmal tKMiy catalysts themselves have ca^ 
combusdon acdvity. sinoe they also perfomi puiificaiion of hydrocaibons and 
nitrogen oxid«. didriiiitial combustion temperature f« 

compared to standaid catalysts designed specially far caibon moKodde combcstion. 

Fimhermoie. sufficieiit oxygen is lequiied for carton monoxide combustion to 
proceed effidendy. and at die least, an air supply device must be provi^ 

upstream side of die catalyst having high carbon monojdde combusdon acdvity. 
Moreover, to coniiol die suppUed air vohune and make die air supply device operate 
efficiently, it is desiiaWc to provide an oxygen sensor and a carbon monoxide sensor 
ia the exhaust passage- Howjver. whilst oxygen sensors are conendy being fitted to 
aatomoWles. there is no ejuunple of a carbon inonoxide sensor being fitted 

^l«3cfot^^ ame&od sbouM be adc^Kd whereby die catbon monox^ 

oo t<»i»m^ fWmi thft air-fuel ratio of the air supply to the engine, die engine 
wnpeiaime. die engine rcvoludons. and dHS like, and d^ 
conuolled in aocorfance widi die o«ygen coaoentradon in die exhaust gas, or a 
method whereby « sensor is placed downstream fixim die catalyst having carbon 
moncndde combustiott activity and ah- is supplied such tfutf unreacted oxygen is 
always observed om die downstream si^ 
(OOW) Puidieimore, aWiough die carfKm monoxide conceno^ 
is a high vahie (jqjp^oximatefy e*) hnmedUttely after die engine fa 
&11S ID roughly 1%- Accordingly, ni ogder to gromote heating gffeeCT^agtby 
means of carb on mrao«de ^mbusti^^ 

supplytobekept fuel rich to mwntahi a high conocniiation of caibpn mgno^ 
die «hmist gas, until die catalyst temperature is sufficicnL Standard air-fiiel ratio 
contre* is conducted in accordance wifli die output ftom die cotygen sensor to kec^ 
caibwi monoxide conoeniratioo high. If an air supply device is posidooe^ 
fiom die catalyst to supply air. it is deshablefordie air supply device to be located on 
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the iq>5tteam side of the adsorfoent, in <»der lo produce a unifoim mixture of exhaust 
gas and air. 

(0028) Amcmg catalyf^ showing activity in catbon mono^dde com^^ 

wilich are active even below O^C ate known, but in cases wheie» due to proUems of 

thermal rerfg^^tH^e, toxlrffy, or the Kke^ a m^erial with a high imdal combostion 

ten^exantre (for exan^l^ around ISO^Q has to be osed. this catalyst must be heated 

and its temperatoxe raised at least to the inidal ccMnbusdon temperature. Oneroediod 

§x tMy is heating by means of electricity or heat legeneraiion. In this case» the 

heating should raise the catalyst tetnpeacatoie to the initial combustion temperature fear 

carbon mcsM>xide» and when compared to heating the catdlyst by eledriciiy or heat 

regeneration alone, this nxedxod is jxefeiable as it uses less energy* 

(0O19) Embodiment 2 of the present invention is now described widi refeiezice to 

(0030) As shown in Hg-2^ the point of difference ficom Embodiment 1 is the feet diat 
a catalyst 5 having high catboxi mcHtoxide combustion activity is placed at the exhaust 
outlet of the exhaust-jHttifying catalysL The structure of this cxhaust-puiifying 
caiatyst 11 is shown inKg3. Hie catalyst 5 having tu^ carbon monoxide 
coadmsdon activity is provided at the exhaust inlet in Rg JJ, apart from which it b a 
standard ternary catalyrt 4, The volume of the catalyst havmg high cartKm mcmoxide 
combustioa activity is litre, and die volmne of die ternary catalyse is 0*8 litre» 
making a total volume crf^ 1.0 fitie. The catalyst having high caifxm nocmoxide 
cambostkm activity was p re pa red following the same method as in Fmb od iment 1* In 
this case, an oxygen sensx 8 is placed on tlie upstream side of the catalyst having 

cwboa monoxide combustioa activity and on the basis of its signal, an air sapply 
device 6 and a variable-flow control valve 7 are contrvdled such that suf^ 
is oominned in the exhaust gas. In this case also* the air supply device is halted when 
the adsorbent temperature reaches the teixq^erature where desorption of the unbumt 
hydrocarbons is cornpletedt and the air-fuel ratio of the «igine air supply is controlled 
on the basis of the signal &om oxygen sensor 8. 

(0031) Embodiment 3 of the present invention is now described- 

(0032) Using the device according to EndK>diinent 2 siK>wn in Fig.2, a 
exhanst-purifyiag catalyst 11 to that in Embodunent 2 was employed. Specifically, as 
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sbown in Hg.4. the catalyst used was prepared by mixing together a ternary catalyst 
powder and a catalyst having high carbon monoxide combustion activity and coating 
this auxtuie onto a £ooideUte] monoKdi carrier (1.0 Ktie volume. 400 cdls^iu?). Tbe 
picftaiatioii method and catalyst powder wwe the same as in Embodiment 1. 
Ftothermoie, the ote condidoos were the same as in Embodiment 2. A fbnr^ 

embodiment <^ die piesent invention is now described. 

(0033) Using ihc device accotding to Embodiment 2 shown in Hg.2, a different 
exfaanst-pnzj^g catalyst 1 1 to that in EmbodimeDls 2 and 3 was en^yed. 
SpedficaBy. as shown in Fig^. a caudyst having high carixm monoxide comlMi£don 
acdviiy was coated in 100 cell imit bands onto a [coidelitB) inonoailb cairifir (1^^ 

volume. 400 cellsM, which also pfovided an exhaust-purifying catalyst at equal 
intend Tlw olfacr cells were coating widi a standaid temaiy catalyst powder. In ^ 

case, the total volume of cells coated with catalyst having high carbon monoxide 
combustkm activity was 0.1 litre. 

(0034) EmbodiniBnt 5 of die preseal invcndon is now described widi xefoeoce to 
Hg.6. 

(0035) As shown in Rg.6. the point irfdiffcfBoeefiom Embodiment 1 is diat an 
oxygen sensor 8 and a carbon monoxide sensor 12 are piovided between an adsorbent 
3 and acatalyst 5 having Mgji caibon monoxide combustion activity. Hie supplied air 
volume was controned using diese sensois. SpecificaDy, Ae caibrai monoxide 
coocentradon and oxygen conccnirati0n were detected and air was supplied such fliat 
die oxygen concentratian was always sofiBcieot for die caibon monoxide to be burnt 
oooqiietely. Since die caibon monoxide must be burnt, excess air was 8U|q;>fied at all 
times beating die caibon nxAoxide ratio in mind. 

(Q03QEmbodimefit 6 of the present inventitHi is now described. 
(0037) Using the sainfc device as in Endxxiiment 1 shown in Rg.l, fOT one itunute 
sto starting die engine-i die catbcm iDcmwide concentcadon in die exbaost gas wa» 
Icepc at 3% or above 1^ onintaining a fuel-xidi air-fuel xatioin die engine air st^y. 
Under nonnal rrnitnr^ ^«TT'~^«tt.iy aftftr starting die engine, die concentradon qi 
caibon nionoxide in die exbaust gas readies approxinMiely 6%, but after about 20 

seconds, it fidls to aiound 1 % . This level was kept at 3% or above by controlling die 
air -fiid ratio. Odicr oomwds wcie the same as in Embodiment 1. 
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(0Q38) Embodiment 7 of the present invention is now 
Rg.7. 

(0039) As shown in Fig.7, the paint of difference fiom Embodiment 1 is the fact that 
the catalyst 5 having high carbon monoxide combustion activity can be heated by 
dectricity- C^yst 5 is dectrically heated by means of a power source 1 3- The power 
souxce is cfxmected to a contnd unit 1 0, and furthamore, a tes^yeratare sensor 9* is 
located at the catalyst 5 having hig^ carbon monoodde combustion acdviQr* Wlwi fte 
tettq^eratme of the cjatalyst 5 having Mgh caxbon monoxide combastion activity is 
lower than the caxbon monoxide combustkm starting temperature, cunent from the 
power source is passed tbrou^ a heater OKHm ted in the caialyst, and tf^ 

is raised to the caibcm monoxide coixibttstica starting tcQ^ 

heating ofihe catalysts having hi£^caibon moiuxxide c<Hxd>i}Stion activity* it is tiie 

same as Embodiment 1. 

(0040) Embodiment S of the present inventi<»i is now described witfi sefiesence to 
Hg.8- 

(004 1 ) As shown in Rg.S, the point of difference fiom Embodixnent 1 is the fact that 
aheat-i^eneratingniaiena] 14 is piovided at the catalyst 5 having hig^ carbon 
monoxide comtnisdon activity. Caldum oxide (C^O) is used as the heat-regKwrating 
material 14, and when d>e catalyst tenq^crature is to be raised, water is added to die 
caldom oxide, aiul die reaction heat from its ccmvecsion to calcimn hydrox^le 
(Ca(OH)2) is used. During normal lunning of the engine, namely, ^idien the catalyst 
temperature is high, the calcium hydroxide reverts to calcium oxide, and tfieref ore it 
can be used again for raising the catalyst ^Dcq^erataic* (jontrol is effected by detecting 
the catalyst mn4>erataie by means <tf a terr;>eratuie sensor 9* provided at the catalyst 
having high carbon monoxide combastion activi^r^ aiKi supplying water to the heat- 
jegenetatiQgmalexial 14by means <^ a water supply device 15 when the catalyst 
temperatnxe is below the carbon monoxide cwabostiOD starting f^nperatore. The 
amount of water added is calc^iat^ from the tmipetature rise reqoired by conliol 
unit 10. vfbich contrcris die water supply device. 

(0042) Moreover, whilst chemical reacti<w heat is used for the hcatHiege&erating 
mattxial in the present embodinotent, it is also possible to n^ . 
mauerials with a large thermal capacity, or solid-liquid phase changes, or the like. In 
this case^ heat is staved in the heat-rege&erating material when the catalyst is hot, and 
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heat loss is prevented so that heat emission the en^ne is off is a minimiim, thus 
suppies^ng a fell in the catalyst temperatuxe so that the catalyst temperature is still 
high when the engiDe is restarted. 

(0043) Fmtheitnore, since the combusticm starting tenq>eratuie tot carbon monoxide 
varies depending on the catalyst, it is sometimes necessary, dq>eading on the catalyst* 
for die catalyst having high cartxm monoxide combustion activity to be heated, and in 
dns ca^ dectricity or heat regeneration may be used. Hie eneigy siq^lied is low 
coQ^ared to when dectridty or heat regeneration alone are used to heat the catalyst. 

(0044) As CcHi5>arative Exaaq>Ie 1, the catalyst having hig^j cariwn monoxide 
combusdoD activity 5 was removed ftom the device according to Embodimeiit 1 
shown in F5g.l, and the device was controlled in tfte same way as in Embodiment 1. 

(0045) Hiereupon, in order to canipzrc the exhaust purification peifomiance of die 
ra^ne exhaust purifying devices described in Hmbodiments 1 to 8 and Comparative 
Example 1, cold start experiments were conducted using an engine bench. 
Specifically, using an eng^ie which bad been left for at least 12 hours or more since 
last stopping* the en^ne viras started, idled« accelerated and run at 60 

unbomi hydtocarbcms emitted wete analyzed. By comparing ibc local amount of 
unbumthydmcaibons CTntteddixring the expeiiin»t, die engine purificatioa 
perfcmttnce of the engine exhaust purificati<»i systems was evaluated. The results arc 
shown in Fxg^, The vertical axis of this graph shows re^>ective values when the total 
imbamthydrocaib(^eadssioti5intfaecaseof C^omparad^ hit 
can be seen that the total hydrocarbon emissions in the embodiments are lower than in 
CbnxparadveExan^le L It appears that purification efiBciency is raised when a 
catalyst having hig^ carbw monoxide combustion activity is provided. 

(0046) Ftzrtiiermofe» in the foRgoing, the combustion of carbon mcmoxide in 
particular was explained and a catalyst having high carbon monoxide combustion 
activity was descaibed as the catalyst, but in fiact it is dearable for it also to have hi£^ 
hydrocarbon cximbusdon activity. This is becauscp dieieby, cou^nisdon heat not only 
from carbon monoxide » but also from hydrocarbons that pass through without being 
adsorbed, can be used to heat the catalySL Furthermore, in the eKidx>diments, a 
[cordclite] monolith carrier is used, but a metal mcMioKth carrier may also be used, 
and because of the higji thermal conductivity, this brings even greater advantages. 
(0047) 
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(Advantages of the Invention) According lo die engine exhaust purifying 
device of the present invendon^ unbumt hydtocarboas etmtted in large quantities 
upon engine start-up are adsorbed in an adsoErbent, carbon nzonoxide which passes 
thtough without being adswhcd is burnt by nocans of a catalyst having high carbon 
monoxide combustion activity, tiiereby promoting tempeiatuie rise in an ^chaost- 
purifying catalyst, and die exhaust-purifying catalyst teaches a teioperatmie at or 
above its activaiion tenoperatuxe by the time the unbumt hydrocarbons start to descxb 
fixm the adsorbent. Thereby, it is possible to reduce the amount of hydrocarbons 
enntied into the atmosphere. 

(Brief Descttpticm of the Iteiwings) 

A compositicHial diagram showing Embodiment 1 of the present mveodon. 
(FxgJZ) A composidcmal diagram showing Embodiment 2 of the px^esent invention. 
(Fig.3) A diagram showing the principal elements of Rg^ 

(Hg.4} A diagram showing a fintber embodiment of the principal elements of HgJZ, 
(Hg-5) A diagram showing a fiutherembodimmt of the principal elements of Fig.2. 
(Fig-6) A cc»npo$itimal diagram showing Embodiment 5 of the present invention. 
(Fig.7) A compoational diagram showing Embodiment 7 of the present invention* 
(Fig.8) A compositional diagram showing Embodiznent 8 of tbc present inventicm. 
(Fig.9) A diagram showing a ccmtpaiison between the respective embodiments of the 
presrat invwtion and a comparative example. 

(Description of the Symbols) 



1 


petrol engine 


2 


exhaust passage 


3 


adsorbeot 


4 


exhaust-puniying catalyst 


5 


catalyst having high caibon monoxide comibusiiGn activi^ 


6 


air supply device 


7 


yariable-flow contrc^ vatve 


8 


oacygea sensor 


9 


texUpcrature sensor 


9" 


temperatuns sensor 
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10 control umt 

11 exhaust-purifying catalyst oontaining catalyst having high carbon nsonaxidc 

combustioa activity 

12 ca]i>oa monoxide sensor 

13 power sooroe 

14 heat xegeneradng material 

15 water supply device 



TRANSLATION OF WORDING ON DRAWINGS 

[Fig3-Rg-51 [wording on left-hand side:] 
Directicxi of exhaust gas flow 

[Fig.9] [warding on bc^tomof gnq^h from left to rightl 

Embodiment I 

EmtK)diment2 

Embodiments 

£mt>odiment4 

Bmbodiment 5 

EtailKXlimeiit 6 

Embodiment 7 

Embodiment 8 

Compazative Example 1 
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